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7RESEARCH ARTICLE Open AccessDiffuse idiopathic skeletal hyperostosis (DISH) of
the elbow: a controlled radiological study
Christine Beyeler1,2, Sergio R Thomann1, Niklaus J Gerber1, Christine Kunze1 and Daniel Aeberli1*Abstract
Background: Extraspinal manifestations of diffuse idiopathic skeletal hyperostosis (DISH) have been described
previously. We aimed to assess the prevalence of elbow hyperostotic spurs, to search for sites discriminating for
elbow DISH and to analyze the effect of physical activities, handedness and sex.
Methods: Out of 284 patients hospitalized for extraskeletal disorders, 85 patients (33 with and 52 without thoracospinal
DISH) agreed to bilateral elbow X-rays in two projections. Clinical information was collected by a standardized
questionnaire and X-rays were graded blindly.
Results: A total of 400 hyperostotic spurs (210 unilateral, 95 bilateral) were present at 11 predefined sites. The
most frequent sites affected were the olecranon (20.8 %), lateral epicondyle (17.8 %) and medial epicondyle
(15.5 %). In carriers of thoracospinal DISH significantly more hyperostotic spurs were present at the lateral and
medial epicondyle compared to non-DISH carriers (OR 4.01 [95 % CI 1.35–12.34] and 2.88 [1.03–8.24], respectively).
The olecranon, lateral and medial epicondyle contributed significantly to the classification of elbow DISH (OR 22.2
[4.1–144.7], 9.6 [1.9–61.2] and 10.1 [2.2–52.1], respectively). The prevalence of elbow hyperostotic spurs was
higher in 45 patients with a history of heavy physical activities (24.4 % versus 18.0 %, OR 1.48 [1.17–1.86]), at
the right elbow (24.2 % versus 18.6 %, OR 1.39 [1.11–1.75]) and in 62 males (22.8 % versus 17.6 %, OR 1.38
[1.06–1.81]).
Conclusions: Hyperostotic spurs at the olecranon, lateral and medial epicondyle had the highest prevalence
and disclosed the most pronounced discrimination for elbow DISH. Mechanical factors such as physical
activities and handedness, and sex influenced the formation of these spurs.
Keywords: Diffuse idiopathic skeletal hyperostosis (DISH), Elbow, Grading, Pathogenesis, Sex, Mechanical
factorsBackground
Diffuse idiopathic skeletal hyperostosis (DISH) is charac-
terized by ossifications of entheses, where ligaments,
tendons, joint capsules and annulus fibrosus fibres insert
into bone. It involves the anterolateral aspect of the
spine, but also several extraspinal sites, such as shoulder,
elbow, hip, knee and heel [1–3]. The radiological find-
ings of elbow hyperostosis have been described previ-
ously [3–11]. Elbow DISH is defined by the presence of
both elbow and thoracospinal hyperostosis [8]. In car-
riers of thoracospinal hyperostosis the prevalence of
elbow hyperostosis was shown to be increased about one* Correspondence: daniel.aeberli@insel.ch
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unless otherwise stated.and a half times compared to controls [8], pointing out
that spinal and extraspinal manifestations might be fea-
tures of an endocrine, metabolic or inflammatory disorder.
Diseases associated with DISH are ankylosing spondylitis
and related spondylarthropathies, acromegaly, hyper-
trophic osteoarthropathy, hypervitaminosis A, fluorosis,
calcium pyrophosphate deposition disease, hyper- and
hypoparathyroidism and ochronosis [2]. In addition, DISH
is found in healthy individuals [2].
In the present study a detailed analysis of elbow hyper-
ostotic spurs at predefined sites of both elbows was per-
formed with the following aims 1) to assess the prevalence
of elbow hyperostotic spurs at different sites, 2) to search
for sites discriminating best for the presence of elbow. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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handedness and sex.
Methods
Consecutive routine lateral chest radiographs performed
on patients admitted to internal medicine and cardiovas-
cular surgery were screened for changes in the thoracic
spine. Patients admitted for disorders related to the loco-
motor system, cancer, rheumatic, orthopedic or neurologic
diseases were excluded after reviewing the medical records
by one physician. Clinical information was collected by a
blinded interviewer using a standardized questionnaire.
Professional and unprofessional physical activities were
classified as physically “heavy” or “light” by consensus of
the two interviewers involved.
The lateral chest radiographs were graded blindly by a
rheumatologist according to the following classification
[12, 13]: Grade 0: no ossification; Grade I: prevertebral
and/or prediscal ossification at one or two vertebral bodies
of the spine or one bridging ossification; Grade II: flowing
continuous prediscal and/or prevertebral ossification along
three or more vertebral bodies or two bridging ossifica-
tions; Grade III: three or more bridging prediscal or pre-
vertebral ossifications. The intervertebral discs of the
hyperostotic segments were not allowed to show any
degenerative, inflammatory or dysplastic abnormalities
[12, 13]. Grades 0 and I were classified as “thoracosp-
inal DISH absent”; grades II and III as “thoracospinal
DISH present”.
The bilateral elbow X-rays with anterior-posterior and
lateral views were graded blindly and independently by a
rheumatologist and a radiologist according to the follow-
ing classification [8]: Grade 0: none or only one ossifica-
tion attached to bone of less than 2 mm; Grade I: two or
more ossifications of less than 2 mm or one ossification
of 2–3 mm; Grade II: two or more ossifications of more
than 2 mm or one ossification of more than 3 mm; Grade
III: two or more ossifications of more than 3 mm. Grades
0 and I were classified as “elbow hyperostosis absent”,
grades II and III as “elbow hyperostosis present”. “Elbow
DISH” was defined by the presence of both thoracospinal
and elbow hyperostosis [8]. In addition, the presence of
other skeletal changes such as chondrocalcinosis, inflam-
matory or degenerative features, and amorphous soft tissue
calcifications were noted. Analyses of intra- and interob-
server reliability of the spinal and elbow grading were per-
formed as published previously [8, 12].
Statistical analyses included the calculation of odds
ratios (OR), 95 % CIs and logistic procedures with step
down regression analyses with four independent vari-
ables. The statistical programs used comprised Epi Info5
(USD, Georgia, USA) and Statistical Analysis System
(SAS Institute Inc., Cary, NC, USA) under license of the
University of Bern.The ethics committee of the University of Bern, Switzerland
approved the study and consent was obtained from all
patients.
Results
A total of 284 age- and sex-matched patients with and
without thoracospinal DISH were included into the study.
Eighty-five patients agreed to a complete radiological
examination of the thoracic spine and both elbows. Their
agreement to elbow X-rays was independent of thoracosp-
inal DISH [8]. Their mean age was 67 ± SD 9.2 years, 62
(72.9 %) were male and 45 (52.9 %) gave a history of heavy
physical activities.
Radiological classification revealed thoracospinal DISH
to be present in 33 (38.8 %), absent in 52 (61.2 %); elbow
hyperostosis present in 57 (67.1 %), absent in 28 (32.9 %);
elbow DISH (defined by the features of both thoracospinal
and elbow hyperostosis) present in 27 (31.8 %) and absent
in 22 (25.9 %) patients. Detailed investigation of 11 prede-
fined localizations of both elbows showed 210 unilateral
and 95 bilateral hyperostotic spurs resulting in a total
of 400 out of 1870 (21.3 %) possible hyperostotic spurs.
Frequency distribution of these documented hyperostotic
spurs is illustrated in Fig. 1. Prevalence at specified sites
was as follows: olecranon 48.8 % (83 out of 170 possible
spurs), lateral epicondyle 41.8 %, medial epicondyle 36.5 %,
coronoid process 23.5 %, coronoid fossa 17.6 %, radial
head 14.7 %, radial tuberosity 13.5 %, olecranon other
localization 12.9 %, olecranon fossa 7.6 % and radius other
localization 7.1 %, respectively.
In patients with thoracospinal DISH significantly more
hyperostotic spurs were found at the lateral epicondyle
(78.8 % versus 48.1 %, OR 4.01 [1.35–12.34]) and medial
epicondyle (72.7 % versus 48.1 %, OR 2.88 [1.03–8.24])
compared to patients without thoracospinal hyperosto-
sis. However, the total number of hyperostotic spurs
at all sites was similar between the two groups (35.5 %
versus 30.8 %, OR 1.24 [0.93–1.66]). In addition, no sig-
nificant differences were found at all other predefined
localizations (Table 1).
In patients with elbow hyperostosis significantly more
hyperostotic spurs were discovered at the olecranon (84.2 %
versus 14.3 %, OR 32.0 [7.7–148.9]), medial epicondyle
(70.2 % versus 15.8 %, OR 4.97 [1.70–14.91]), coron-
oid process (49.1 % versus 8.8 %, OR 4.44 [1.37–16.97])
and lateral epicondyle (68.4 % versus 21.1 %, OR 2.89
[1.03–8.20]), compared to patients without elbow hyper-
ostosis. No significant differences were found at all other
predefined localizations (Table 1).
In patients with elbow DISH significantly more hyper-
ostotic spurs were detected at the olecranon (77.8 % ver-
sus 13.6 %, OR 22.17 [4.13–144.69]), medial epicondyle
(85.2 % versus 36.4 %, OR 10.06 [2.18–52.12]) and lateral
epicondyle (88.9 % versus 45.5 %, OR 9.60 [1.91–61.23]),
Other Localisation 4.8% 
Fig. 1 Frequency distribution of the 400 hyperostotic spurs detected at all localizations of both elbows, irrespective of thoracospinal and elbow
grading, in 85 patients hospitalized for disorders not related to the locomotor system
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cant differences were found at all other predefined local-
izations (Table 1).
The total number of elbow hyperostotic spurs was sig-
nificantly higher in patients with a history of heavy phys-
ical activities (24.4 % versus 18.0 %, OR 1.48 [1.17–
1.86]), on the right side (24.2 % versus 18.6 %, OR 1.39
[1.11–1.75]) and in males (22.8 % versus 17.6 %, OR 1.38
[1.06–1.81]).
Multiple logistic regression analyses of the presence of
elbow hyperostotic spurs with stepdown regression for
four independent variables (thoracospinal hyperostosis,
age, physical activities, sex) confirmed the sex difference
with significantly more hyperostotic spurs in males at
the right and left olecranon (OR 2.96 [1.07–8.22] and
7.03 [2.14–23.15], respectively). The complete results are
presented in the Additional file 1.
Discussion
Herein we analyzed the prevalence of hyperostotic spurs
at 11 predefined sites of both elbows in patients with or
without thoracospinal hyperostosis hospitalized for disor-
ders not related to the locomotor system. To our know-
ledge this is the most detailed study of the extraspinal
involvement of DISH at the elbow.
In our study, the prevalence of elbow hyperostotic spurs
in carriers of thoracospinal DISH was similar to findings
in smaller series of 5 to 27 individuals with percentages
ranging from 42 % to 81 % at the olecranon and 29 % to
81 % at unspecified sites of the elbow [3–7, 11]. However,
the prevalence of elbow hyperostotic spurs in patients
without thoracospinal DISH was higher than the percent-
age of 10 % described in another controlled study [4].
A considerably high proportion of patients without
thoracospinal manifestations showed hyperostotic spursat the olecranon, lateral and medial epicondyle. The reason
for this is unknown. Various diseases where ligamentous
or capsular ossifications can occur [2] have deliberately
been excluded in our study. Possible explanations are that
extraspinal sites might be involved before the spine [2], or
that chronic mechanic overloading and tear might lead
to osteoanabolic reaction at insertion of the tendon to
the bone. Thus, our findings support the hypothesis that
mechanical factors play an important role in the develop-
ment of hyperostotic spurs. First, hyperostotic spurs were
found almost one and a half times more often on the right
side where the majority of patients was expected to be
right-handed. Second, hyperostotic spurs were almost one
and a half times more prevalent in patients with a history
of heavy professional or unprofessional physical activities.
Third, hyperostotic spurs were present particularly at the
interface between strong muscles and bone, such as tri-
ceps (olecranon), extensor carpi radialis brevis and longus
(lateral epicondyle), and pronator teres and flexor carpi
radialis muscle (medial epicondyle), respectively. Similar
influence has been described at the shoulder, where the
highest prevalence of hyperostotic spurs was found at the
insertion of the biceps long head, triceps brachii (glenoid),
supraspinatus, infraspinatus, teres minor (greater tubercu-
lum), and deltoideus muscle (acromion), respectively [14].
This is also in agreement with findings at the patella, the
tibial tuberositas and the calcaneus [4, 5, 7]. In our study
we found one and a half times more hyperostotic spurs
in males than in females. This was confirmed for the
olecranon by a multiple logistic regression analysis tak-
ing into account the potential confounding factors age,
physical activities and the presence of thoracospinal hy-
perostosis. These findings underline the hypothesis, that
hormonal factors influence the growth of spurs. Estrogens
might have a protective effect. DISH is more prevalent
Table 1 Hyperostotic spurs at 11 specified localizations of both elbows in patients with or without thoracospinal DISH, with or without elbow hyperostosis, and with or without elbow
DISH (defined by the features of both thoracospinal and elbow hyperostosis), respectively
Thoracospinal hyperostosis Elbow hyperostosis Elbow DISH (Elbow and Thoracospinal Hyperostosis)
Present (n = 33) Absent (n = 52) OR (95 % CI) Present (n = 57) Absent (n = 28) OR (95 % CI) Present (n = 27) Absent (n = 22) OR (95 % CI)
Olecranon 66.7 % 57.7 % 1.47 (0.54–4.03) 84.2 % 14.3 % 32.00 (7.73–148.86) 77.8 % 13.6 % 22.17 (4.13–144.69)
Lateral epicondyle 78.8 % 48.1 % 4.01 (1.35–12.34) 68.4 % 21.1 % 2.89 (1.03–8.20) 88.9 % 45.5 % 9.60 (1.91–61.23)
Medial epicondyle 72.7 % 48.1 % 2.88 (1.03–8.24) 70.2 % 15.8 % 4.97 (1.70–14.91) 85.2 % 36.4 % 10.06 (2.18–52.12)
Coronoid process 39.4 % 38.5 % 1.04 (0.39–2.79) 49.1 % 8.8 % 4.44 (1.37–16.79) 48.1 % 22.7 % 3.16 (0.79–13.91)
Coronoid fossa 21.2 % 32.7 % 0.55 (0.18–1.69) 35.1 % 7.0 % 3.24 (0.91–14.48) 25.9 % 18.2 % 1.58 (0.33–8.53)
Radial head 24.2 % 23.1 % 1.07 (0.34–3.32) 29.8 % 5.3 % 3.54 (0.88–20.49) 29.6 % 13.6 % 2.67 (0.52–17.65)
Radial tuberosity 30.3 % 19.2 % 1.83 (0.59–5.66) 28.1 % 7.0 % 2.34 (0.64–10.65) 29.6 % 9.1 % 4.21 (0.69–44.44)
Olecranon - other localization 12.1 % 26.9 % 0.37 (0.08–1.38) 24.6 % 7.0 % 1.95 (0.53–9.01) 14.8 % 18.2 % 0.78 (0.13–4.85)
Other localization 21.2 % 19.2 % 1.13 (0.34–3.77) 24.6 % 5.3 % 2.71 (0.66–15.98) 25.9 % 13.6 % 2.22 (0.42–15.00)
Olecranon fossa 12.1 % 15.4 % 0.76 (0.15–3.16) 35.1 % 7.0 % 3.24 (0.91–14.48) 14.8 % 13.6 % 1.10 (0.16–8.45)
Radius - other localization 12.1 % 9.6 % 1.30 (0.24–6.56) 12.3 % 3.5 % 1.82 (0.31–19.06) 11.1 % 4.5 % 2.63 (0.19–144.25)
Significant values with p < 0.05 are reported in bold
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The protective effect of estrogens on the development
of DISH seems to be of metabolic nature, since differ-
ences of volumetric bone density and osteoblast activ-
ity have not been seen in quantitative bone scans or
functional Dickkopf-1 serum levels [16–18]. This hor-
monal influence is in line with associations of DISH
with obesity, diabetes, hyperlipidemia, gout, hyperten-
sion and coronary artery disease as described previ-
ously [2, 9, 19, 20].
The investigation of the clinical relevance of elbow
hyperostosis was not the focus of this study. As has
been shown previously carriers of elbow hyperostosis
developed elbow pain only slightly more frequently com-
pared to controls [8]. However, shoulder hyperostosis
irrespective of or in combination with thoracospinal hy-
perostosis DISH predisposed to shoulder pain two to four
times [21]. In individuals with heavy professional or un-
professional physical activities ergonomic adaptations,
aptitude counselling and occupational therapy measures
might be of particular relevance if extraspinal involvement
of DISH is present. Further studies in occupational medi-
cine could address the long-term ability to perform phys-
ical activities at work or for leisure in the presence or
absence of DISH at the elbow and other extraspinal sites
if prophylactic measures are taken.Limitations of the study
Since X-rays of the sacroiliacal joints were not system-
atically performed in all patients osteoanabolic changes
related to spondylarthropathies cannot be ruled out. How-
ever, it is unlikely, that a patient with ankylosing spondyl-
itis or any other axial spondylarthitis was missed by the
careful screening of the individual medical records.
Multiple statistical testing was performed and intraclus-
ter correlations within patients were not taken into ac-
count. However, the consistency of the findings at the
olecranon, lateral and medial epicondyle and the confirm-
ation by multiple logistic regression analyses reduced
the risk of misinterpretation of false positive results. The
analyses of the overall effects of physical activities, hand-
edness and sex revealed positive findings and were a main
focus of the study. In contrast, the subanalyses of these
factors at the different sites were mostly negative as
could be expected in view of the limited power of the
study. Due to the lack of immediate clinical relevance
the value of a study with a higher number of patients is
questionable.Conclusion
Our results underline the multifactorial nature of DISH
with mechanical and hormonal factors playing a role in
the ossifications of entheses.Additional file
Additional file 1: Logistic regression analyses of the presence of
elbow hyperostotic spurs at 11 specified sites with stepdown
regression for four independent variables (thoracospinal
hyperostosis, age, physical activities, sex). *p-value (Wald Chi-Square);
**95 % CI; ***missing values: no SAS output, the maximum likelihood
estimate may not exist. Significant ORs with p < 0.05 are reported in bold.
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OR: Odds ratio; SD: Standard deviation.
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